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SLThis report gives the acoustic directvity piIterns for the LAW ald 'row antitank
weapons and three routinely used weapon simulators. These data supplement the direcli-ity
pates data measured and analyzed by the U.S. Army Construction Engineering Research
Laboratory (CERL) for other weapons in the Army inventory, as reported in CERL
Technical Report N-60 (January 1961). These supplemental data have been included in the
CERL.developed Integrated Noise Contour System (INCS) and its associated blast-noise
prediction computer program. BNOISE 3.2. The Army Environmental Hygiene Agency
(AEHA) uses CERL's INCS/BNOISE .2 predtion prnipom to help installatiom imple-
mni the Army's Installation Compaiale-Use Noise Zone Program (ICUZ). fC,,
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FOREWORD

This research was conducted fm the Directorate of Military Programs, Office of the Chief
of Engineers (OCE), under Project 4A762720A896, "Environmental Qality Technology";
Task A. "Installation Environmental Management Strategy"; Work Unit 011, "Integrated
Installation Noise Contour System." The OCE Technical Monitor was Mr. Gordon Velasco,
DAEN-MPE-l.

lhe work was performed by the Environmental Division (EN) of the U.S. Army
Construction Engineering Research Laboratory (CERL). Dr. R. K. Jain is Chief of CERL-K N.

C.0L iLouis J. Circeo is Commander and Director of CERL, and Dr. L. R. Shaffer is
Technical Director.
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ACOUSTIC DIRECTIVITY PATTERNS suppleme i to tncerit contis directivity pattern data
FOR ARMY WEAPONS: SUPPLEMENT I for the LAW and TOW antitank weapons and three

regularly used weapon simulators.

Purpome
The purpose of this study was to determine the acousticINTRODUCTION directivity patterns of the LAW and TOW antitank

weapons and three regularly used, impulse-noise produc-
ing weapon simulators.

On 20 May 1981, the Army instituted the Installation Approach
Compatible-Use Noise Zone Program (ICUZ). Under Noise measurements were made on the LAW and TOW
ICUZ, Army installations will work with the local civilian antitank weapons and on three [lash and boom simulators
community to find ways to prevent or lessen the encroach- at Fort Carson, CO. The measurement method was
ment of off-installation housing and other noise-sensitive basically the same as that described in CERL Technical
land uses into areas that are, or are likely to be, impacted Report N-60. Weapon firings were interspersed with
by Army training noise.' detonations of C-4 plastic txplosive. The C-4 was used to

'calibrate" the site and allow data to be corrected for wind

V.tal to the success of the ICUZ program is a noise- and terrain effects.

prediction computer tool developed by the U.S. Army
Construction Engineering Research Laboratory (CERL). Mods of Technl"y Trneler
The Integrated Noise Contour System (INCS) creates The directivity patterns obtained as a result of this study
distance-scaled noise contours using data on the type, have been added to the INCS/BNOISE 3.2 inputdata bank
frequency, and time of training operations; weapon types and are available for use by AEHA and all Department of
and charge sizes; and target and firing point locations. Defense activities.
These contours, when overlayed o a map of an installa-
tion and its environs, identify existing or potential
conflicts between noise levels prox' ced by training opera. Table 1
tions and noise-sensitive land uses on or near an installa- Weapon Tesed (Fort Sill, OR)
lion. Using BNOISE 3.2, the blast noise prediction
computer program associated with INCS, contours also weapon Name Mode,
can be created that predict how changes in training range
operations, siting, use intensity, and weapon types will 8-in. self-propelled MIhOAl
alter an installation's noise-impact profile.' The Army 105-mm tank M60
Environmental Hygiene Agency (AEHA) can make noise 4.2-in. mortar M30
predictions for any Army installation using CERL's ft'-mm mortar --
INCS/BNOISE 3.2 program. 106-mm recoilless rifles M4*AI
CSN90-r5m recoilless rifles 167

105-mm howitser M102
One important data type needed for INCS/BNOISE 3.2 155-mm howitier M109

is the individual acoustic directivity pattern associated $-in. howiter Milo
with most impulse-noise producing weapons in the Army 152-mm Sheridan (tank gun) M551
inventory. These patterns form a standard module of data 155-mm howitzer M1414
for the INCS/BNOISE 3.2 prediction program. 155-mm howitzer MIC0AI

CERL Technical Report N-60 lists directivity pattern
data obtained during tets at Fort Sill, OK, for many 2 DATA COLLECTION

a weapons used routinely in Army training (Table I).5 This

Measurements were performed at Fort Carson. CO. The
antitank weapon data source was the normal taining

'Paul Schomer. "Noise Impact Prediction and Control." operations of an armor combat support company. The
MdlaOM Enusun,, Volume 74. Number 479 (April 9Sft). simulators were activated especially for the CERL ma-

,Paul D. Schomer et al.. Shai Noise ftediritm A 1.olDm IDrement. The test site was an open grassy field, the
son.d ComptlsonI Proceds. sd Linucln IM . Liede c andard type of training range at Fort Cuon. An
a ls.. VoLu I: TOnSE 1.2 Comptr PogAm DAowripi as abreviated test plan is given in Appendix A.
Prognim Lishng. Tedsncal Report N-9/ADA940 .nd ADA
091ss (U.S. Army Construtaion £ns ,ering Reserch Labo .-
ny ICUnLJ, March 1til). Ted Seqiume

'P. D. St%me. L M. Uttle, and A. L. Hiut. TAtmt
Drtuv Peamm for Army Weapmu, Tarhbeal Repor N- Tabe 2 lissa two e W ga antl tbr 4youlm
W'ADAIIUUSS N(IRI., Jammoy t19), mesured for bks noise during the Fan Cmm test. The• I 7



Table 2
Weapons Tested and Event Numbes

(Foan Carson, C0)

27 Matchl~ 1912April 121 SApril 114

Event No. Wealon Event No. Weston Event No. Weapo

I C-4 I C-4 21 C-4
2 TOW 2 CA 22 G4
3 TOW 3-7 Artillery simulator 23 LAW
4 C-4 8 C-4 24 LAW
5 TOW 9 CA4 25 LAW
6 TOW 10-14 Hand grenade 26 C-4

simulator
7 CA4 15 CA 27 CA4
8 C-4 16-18 Artillery fRash

simulator
19 C-4 28 LAW
20 C-4 29 LAW

30 LAW
31 C-4
32 C-4

main body of the test used C-4 plastic explosive as an Colbrul81on
omnidirectional calibration source. The test sequence Calibration was performed (1) at the beginning of every
consisted of one blast of C-4 followed by one or morr new tape. (2) at the end of each tape and/or day. (3) when
events from the weapon or device under test. The C-4 changes were made in the equipment or equipment
sound-pressure level contours were used to correct for the placement. (4) when the equipment was first set up. and (5)
effects of wind and/or terrain. This is essentially the same when any equipm--nt malfunction was suspected. The six
procedure used during the original Fort Sill measure- Endevco stations were calibrated with a B&K 4220 piston-
ments. phone. CERL made special housings for the Endevco

microphones so the calibration could be done using
MmmuunntAppNMSI standard laboratory and field devices (see Appendix B). At

Each weapon or simulator was measured separately. For the beginning of each FM tape, the calibration tone was
each measurement ser ies, microphones were deployed in a recorded for about 15 seconds at the measurement tape
concentric ring. A radius of about 600 f t (183 m) was used speed of 60 in./second (1524 mm/second). The B&K 4921
for the antitank weapon measurements, and a radius of systemn was calibrated initially using the 3k&K-type 4220
250 ft (75 m) was used for the simulator devices. Each test- pistonphone. S _bsequent calibrations were performed
series ring consisted of six microphones placed at 60 using its internal 1000-H& electrostatic actuator.

I intervals around the firing point, as shown in Figure 1.

The microphones were Endevco piezoreuistive tans-G
ducers close-coupled to CERL-built preamplifiers and 3 DATA REDUCTIO
line drivers. (Appendix B describes the Endevco device and
the CElL preamplifiers.) Each microphone was wired to Pdw dat sedt ison was done using she (IlL-
the CERL mobile field acoustics laboratory, where dhe
signal was recorded on an Ampex PR 2230 14-channel FM developed True.-Inuating Envlrameasal Noise Monismr
recorder. For comparison, a standard D&K-rype 4921 an SondEpnre Leve Meser.' T m. i vicioun
outdoor microphone system was located at Staiom 7. resulted ins a measue of the flus-welghaid and 0-weluhued
wired to the CElL van, and its signal recoded Hoeet ound exposure level (FUN, and CSIL) The3 Nswba
the peak levels registered by the B&X 4921 system wee computing osciloscope was aned to nmaunlo-weighaei
"clipped," because they were larger than the maximum adGweighand pea oso a& evens SadWu
level capability of the B&K 4921. nos hesrw ave loaoesoatmdtd

During the test. the measurment pla (Appenlx A) vaIML APendl CM. Um d i darn by ess
had to be modified because the simsulaorsnd sW he LAW ____

rocket produiced too little noise to be measured at M It ai Avubm&@ saL.Iu m iq m I
(182 mn). So, the sw radius was changed to 250 It (72 .. M .sad i wL re mn qI

ThesiNof the C-4 calibration was reduced fran 5 0o 1-1, T*M Us N41/AMINS LAM . AMMOMn
lb (2.2 in O. kg). Mad ADAMMI #MiII. MR no June M W 011111h Ift
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Figuare 1. Location of measurement microphones.

Each data event or series of ewvn's was first corrected by 4 CONCLUSIOS
the adjacent (in-time) C- calibration events. A set of
numbers was found for the C-4 events just before and after
the weapon or device event(s) and used to correct the C4
data to an omnidirectional, hemispherical (actually cir- The report gives the amustt- dim-ivity patterns for the
cularinthegroundplane)radiatingsource.Theeventdata LAW and TOW antitank weapons and three routinely
were averaged by microphone and corrected by the set of used weapon simulators memured at Fort Carson, CO.
numbers found to convert the C4 to a perfect circular Thee data supplement the pattern data presented in
source. These averages are listed in Appendix D. Similar CIRL Technical Report N-0. These supplemental pat-
weapons or sources (after correction by adjacent C- tem data will beinduded in the weapon directivity pattern
calibrations) were then combined (energy-avemsged by and module of INOISE .2 and made available to users of
microphone) to form the overall weapon or device direc- the CERL-develod INCS.
tivity pattern. Corrections were made to form a sym-
metrical pattern. Appendix D lists the resultant data by The oni need tovary the origial tst plan indicates
weapon or device. - of dhe problems in attempting to specify standard

-Table 3 lists the dm a they are incduded in the NNOISE .memwemens far dmedirectivfty pamrn of Army weepons.
3.2 weapons input table. Table S is based on the dam given Sone of the devicts were inch tdot he planned meunt-
in Appendix D. In the table, data for the simuhastrn m memdu hmdhd beluKedomS000lSm h(1f2to76
adjusted so dey am relative to 5 lb (L2 kg) o(n - on she m eC al im dhare a hd so be reduced from
pmund (as required by INOISE .i). rather dum the 1-1/4 four sticks t I stick (Le., ftom 5 -o -/4 lb(U to 0.5 kgl).
lb (0.S kg) used in dt tm. A converhion bitor of sdheib Stumdu memwsmete pumdmbam cuant be developed
(d) was ued.' The efere me distatne was Mrs. At dds withot dtowing siMire gepmmbilit owv time (the
distance, 5 lb (2. kg) of C-4 exploded to d rouinl mm weapon emiued lke .m place btt at differen
typically produces a CSEL of 119 dL. dam), m.pmm lly o -a p 1-1 1 (tbe mm weapon

mumtod in dMom Ilum d lem aM met), aid
'Aid D. Scmnsr. eta.. Most Noiwe ,dk* tmu 'mt.Dab MWh mtl 5q is I - o et AM OkI of go, _ o

Sla -d C&VVeaWWWsloweedvs Tedaim DePen N- 114ihi toeff * amusmdlmmm A~allema
WADMWS (CL, Mach 1M). dp jIW,

It
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APPENDIX A: weapon 'e Do .mmnd
TEST PLAN FOR ROCKET NOIE I. Primay Weapons
MEASUREMENTS a. lAW

1. impnvd IAW (VIPER)
f C . TlOW

11011haneoW14 d. DRAGON.
A -kpround literature study was ixprform ed on the

sources and levels of noise generated by rockets. This study 2. Second Priority
indicates that very little far-field data exist on rocket noise a. STINGER anti-aircraft missile system

semissions other than for the very large ballistic-missile b. Redeye
types of rockets. For the small rocket% interest has centered c. 2.75-in. rocket.
primarily on the noise encountered at the operator's ear.
For preliminary work, the Army Environmental Hygiene 3 Airborne Rockets
Agency (AEHA) has equated the pounds of propellant to a. Hellfire (Helicopter Lautch ho Antitank Missile
the far-field pressure in a like manner to explosions of C-4 System)
plastic explosive or TNT. Indeed, some recent work in the b. M65 (Antitank missile)
United Kingdom by Clayden, Walters. and Hillmarn c. SS-Il missile.
supports this concept. They say,". .. in the near field, the
shock strength depends strongly on the detailed mech-
anism of the starting process, hence there is some scope for
noise reduction, but in the far field it is primarily
dependent on the total energy released." Basically, the
small rockets appear to produce most o. their noise from
the bursting M a plug or membrane when the engine
ignites and from the subsequent shock wave formed by the
engine burn. However, the small amount of data which do
exist indicate a fairly extreme directivity pattern for the
noise emission, from small rockets.

To test tht preliminary hypothesis that the primary
noise of interest was the burst which comes at or just after
ignition of the rocket engine, simple measurements were
performed on a DRAGON missile at Fort Benning, GA.
Typical recorded waveforms are shown i, Figure Al.
These waveforms are classical shock wave signatures,
identical to those generated by explosives. Thus, the
literature search and the preliminary measurements at Fort Figure Al. DRAGON missile waveforms (about 100 r.
Benning show that (I) small rockets can be modeled to the rear; FM recording).
identically to other impulsive weapon systems such as
armor or artillery and (2) the detailed directivity pattern of
each weapon must be measured similarly to those already Ted Ao llo(s)
reported in CERL Technical Report N-60 for most armor It is desired to make these tests as part of regularly
and artillery weapon systems. scheduled training or other tes's rather than create a

special set of tests just for these measurements. Thus, the
Pwpemo measurement team will move from site to site at various

The purpose of these measurements is togather required times in order to accomplish these measurements. To the
data on the noise emissions of small Army rockets. Thee extent possible, however, it is clearly desirable to measure
rockets are characterized by a plug or seal at the motor end more than one rocket at the same location in approx-
which bursts or explodes shortly after ignition. The imately the same timeframe. For proper data. the test site
primary noise to be measured by these tests is that of the must be a clear, level, open area.
burstir 'explosion of this plug or membrane and the
subsequent shock wave formed by the engine burn. Ti S4ip

Measurements will be done like those already employed
for the directivity patterns of armor and artillery weapons.

6W. A. Clayden, A. G. Walters, A. Ifillman, "A Survey of UK Specifically, measurements will be made on a ring having
Work on Noise and Blowback From Man-Ponrable Anti-Tank a radius of 250 m. Additional masuremets will also be
Weapons," paper resented at the TTCPW2 Symposium on In. nade at distances of 3C0 m, and at one site. to the rear of the
Dare Dynamis and Intermediate allistics July 7 and 1, 197M. rocket at 100 m. The measurement sites are shown in
Mo-'rey. CA. Figure At Most of these sites will be wired by landline to

II
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CERL's instrument van, where FM recordings will be Approximately 5 to 10 measurements w required ar
made of the noise signatures. The other sites will be each rocket-engine combination.
manned and will use Nagra recorders and a special, CERL-
developed modulation system. S upped Rqlubiti

CERL will do all the measurements and data analysis.
As with the heavy weapons measurements, 5 lb (2.2 kg) The acoustical data will be gathered by CE.L personiel

of C-4 set plastic explosive on a post about 3 ft (0.9m) high using CERL equipment. In addition to firing the rocket-
will be used to calibrate the measurement site and relate weapon system, the facility involved will have to supply
these new measurements to previous weapons measure- about one to two personnel trained in demolition to set the
ments and previous sound propagation work by CERL. C-4 explosive charges and will also be responsiole for
These C-4 calibration charges are the only requirement safety requirements for use of the weapons and for the C-4.
CERL has which may in any way affect the conduct or
order of other (raining or tests.

/
/\

/ /\ / /
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APPENDIX 8:
TEIST EOUIPMENT SPECIFICATIONS
AND WIRING DIAGRAMS

Table I1
Microphone Line Driver Parts List

R I. R5 ....................................... 3OK, 1%
R2, R IO ...................................... OOK, 1S
R3 .......................................... iSM . 5%
R4 .......................................... 300K. 1%
R 6 .......................................... IM .I%
R 7. R 8 .... .................................. 10. 5%
R9 .......................................... 10K. 5%
R II R1 2 ..................................... 12K, 5%
R1 3. R 14 ..................................... 47,5%

C I .......................................... 6-8 Aa
2 .......................................... not used

C3 .......................................... 8.2 p(

(4. 0. ............................ .......... . 100 jI
0 ; ......................................... 0.01 o f
C'7 .............................................. 220 pf
(34. (N ....................................... not used

Q 1 .......................................... SK 3024
Q 2 .......................................... SK3025

UI .......................................... L M 301A N

*im 1%

tI

* C4

S MT I'fta

U mm

mot

CA M. sun5. Mcohn ie

ial. Microphone line driver schematic.
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APPENDX C:
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APPENDIX We
DATA REDUCTION TA3LE

The C-4 blasts just before and just after each weapon subtracind fromn di. smection value to give the cormee
event orseries of events wrK averaged to forms a correction values for each weapon at endsh station. These values wee
value that would convert the C-4 torn perlect hemispherical then narinallasi to the IW position and used to form the
source. Each weapon was then averaged by station and entire for the INOIS 5.2 propam.

Table Dl

C4 Zama veraguced Dom - LAW

I lIftw 4 Mat. LAW lit V" ft
(faw C-4 Value) (flaw ValOWuccb CiASIMMd Value SaG CO

13.L9 305.3 IM 34. -3.6
12LO 105.9 .3. m.6 -3.2
13.6 11M. -.8 117.5 -3
I27. 321.3 +1.9 123.2 -&.6
131.3 117.5 -1.3 13&0 -13.6
33.6 3053 A. 3II& -23.6

C-4 2"ep Avag.
5 1bswgb limed0 LAW St Valm toi

(Raw C4 Value) (Rlaw Valu) cAmilda. Caneetid Vise badeCo

3239 104.2 -.6 34116 -24.7
127.8 305.8 +-S 1033 -21t0
327.5 115.7 4.5 1362 -M2.
17.3 +1.0
333I I33.3 -.5 117.3 -1".
12V7 10&2 -.4 306 -3
33.3

LAseageAWDate Mr AwV 1AW Dam aObd C4 o CapA Wkab 0

-25.3 -3.6 -366 (U)

-32.2 -12.6 -54 (3W)
-6646 -asto(lai)

-31.8 -32.0 -M. (241P)
-23.1 -3.6-36 (SP)

Voue a 8 0 U up" No"~

IP J-17.1) 2W H-."3
UP (-3M" 9W (-L.4)
WP I-Le) 1W (-&@I

IP (-&4) 2W M".6
1WP 4-3.9) UP(-17.11

As-tm IWe.L

loss



Tame Do
memm" Dam - TOW

Flow ad snowi
C-4 11maw Awam lrMk TOW a. V so
(am C.4 V.1m) (mm Vi1m) CA*mevaa amu Val" bndIC-4

124.1 - +1.7
15.1 960 +2.7 91.7 -27.I
1.4 111.7 .4 112.) -1&7
122.2 114.2 +3.6 117.8 -60
126.0 117.7 -22 11 5S -10.3
1211.2 101.3 -2. 91.9 -2.9
125.8

Sewmel ad Thial
C-4 Iney Averpm -sid TOW go Vadu ft

(RAW C-4 V.1m) (now Value) Caueeteh Cer.-Ie Valu 5111 .11-

124.3 121.0 #1.5 12L5 -3.3
12.9 97.9 #.9 15,8 -25.0
124.6 110.9 +1.2 112.1 -13.7
122.6 - +3.2 - -

I1.1 118.4 -2. I16.1 -9.7
11.33 I1.1I -2.5 9g.6 -2.

125.8

AvaW TOW Dom A4wmd Avemp TOW tU
Ae ue TOW Dow Ra 3S Ilb dC-4 (d) Re:S lb ef 4 wih
MrS lb C.4 (41) (cemcwd to be yew WI(dND g A te aw li dall

-3.3 (-30.0) -30.0 -22.0()
-25.9 -262 -1&2 (IP"
-13.7 -11.5 -3.5 (12f?)

-8.0 -8.0 0.0 (1)
-10.0 -11.3 -3.5 (240p)
-2.5 -2612 -!&2 (300')

-12.9 -4.9

Vda. hm Tbde1 (3NOU a bli bam)

S(-11) tiP (-1.4)
W (-1&2) 2w (-.S)
W' (-&.4) 27r (-&4)

lis (-.5) Ms (I"I)
I31 (-1.4) Us (-1.7)

A -IL.*lie151 "-.l (d) is ow a mmmd e oewb pm g d e ia.pbm im a memm
3*O o abe w om fning maim Hmm k ik =d bo hl alkuimn wmd ~lmmd
Awm - -4t by -3O. ( ) bWe LAW m dww &*how i qaur -poakim

=Am -



educed Dom - AMU@" Shmulma,

C-4 ImM Avaaiu MMI Arl~ery
I flbrugh 4 Umb an h

(Raw C-4 Vale) (11aw Value) Immd Cuwedm Value

127.0 107.0 *.4 107.4
126.0 111.9 +1.4 1153
127.4 112.3 0.0 112.3ii126.8 110.6 +.6 111.2
128.8 109.9 -1.4 106.5
123.1 107.8 -.7 107.1

127.4 110.6

Corweted Avemage 110.6
C-4 Avn-rge -127.4

-16.8 Value re: 1-1/4 lb of C-4
-5.00

-21.8 Value re- 5 lbo(C-4

A - -21.8 + 119 - 97.2 Value for Table 3 (INOISE 3.2 Input Data)

*The -5.0 dl shift from Figure 17 of CERL Tlk N-N8 plus the 119 dS converts dhe data
to yr. 5 lb of C-4 set off on the ground at 250 m.

Table D4
Muod Dte- Ak FlohSeb uau

" m d smud Artillery les
C-4 KAngy Avqin sim set

(Raw C-4 Value) (saw Value) Cam h oarna Va.a

127.1 113.7 .12 114.9
Ma6. 10&1 +1.3 107.6

120.8 1011.9 +7.5 1011.4I12alu.5e 107 1 / lb. 1f7.8

-4 Ave upISe

A a -2&.3. + Ita9L7- Value 6w Table I (ANM 3.2 haps Dam)

-M -. 0 d3 shift front F~gur 17 of CDIL TR NM plu the I1It dA conv the dmr st
w.5 Obe ofC4 aet off on thae pound at 2 s.

25



Reucd Daf - mwd Ce. sksulm

('.4 EinWAvu mg- Hand COMB&
2 Thova 4 ms , son

(Raw C-4 Volos) (RAMW Y"l) Cms Yolo

19-7.1 10&.4 *.9 107.3
126.2 106.6 +145 W7S
126.3 101.6 *1.7 16.3
121.5 100.6 +63 107,
132.3 106.7 -4.3 161.4
127.7 108.7 .s 10.0
128.0 W&A

Cowmtied Av"Wa 106LB
C-A %wilrom -12&0

-21.3 Value w- 1- 1 A IhofC-4
-5.00

-26k2 Value reth ~ofC4

A - -I22# 119 - 9P-8 Value, fo ra.be 3 (11NOLS1 3.1 lopow Dow)

sn -5.0 dA "tel fm, Figuw 17 of CNP.. TIt N-9 phrnis theI9 A nm~ afr do, to
re- 3lb of C-4 ana off on ihe pound at 250 m
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